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(57) Abstract 

The present invention provides for a method, and apparatus for treating a 
vessel occluded by an obstructive lesion which avoids the clinical consequences 
associated with lesion disruption by creating a temporary obstruction (9) distal to 
the treatment site, thereby protecting vessels, and tissues which lie downstream; and 
washing out debris, and soluble factors (12) by introducing a wash solution (15) 
into the treatment site, then removing the wash solution at a location proximal to 
the treatment site thereby protecting upstream vessels, and tissues. 




t 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/08744 1 PCT/US98/16916 

1 

ft DIKTAT PKOTF.fTTON/W ASH -OUT METHOD FOR TREATING VESSELS 

( 

1. INTRODUCTION 
The present invention relates to a method and apparatus for treating an 
5 ( occluded vessel which permits aggressive treatment but protects against adverse 
clinical events by creating a temporary occlusion distal to the treatment site and by 
washing out the treatment site and proximal vessel to remove undesirable debris and 
soluble factors. 

, 0 ? R A CK GROUN D OF THE INVENTION 

Over the past two decades, the field of interventional cardiology has 
witnessed a number of paradigm shifts in the treatment of occluded ("stenotic") 
coronary arteries. The earliest approach, still used for particular coronary applications, 
is by-pass surgery, which constructs a vascular detour around the occlusion. Often the 

1 5 detour is created by grafting a portion of a large vein of the subject, for example, the 
saphenous vein, to the diseased coronary artery to bypass the occlusion. 
Unfortunately, in a substantial number of patients, the graft itself becomes affected by 
atherosclerotic disease, and is partially (eventually completely, without treatment) 
occluded. 

20 An approach less invasive than by-pass surgery, which does not require 

thoracotomy and which is appropriate in certain patients, is percutaneous transluminal 
coronary angioplasty ("PTCA"), which introduces a catheter carrying a deflated 
balloon into a large artery in the leg or arm of a patient, threads the catheter through 
the aorta and into an occluded coronary artery, and then inflates the balloon to force 

25 open the obstruction. PTCA may be particularly appropriate for treating an 
obstructive lesion in an occluded by-pass graft. 

However, PTCA is not without risk. Sometimes an obstructive lesion 
must be debulked to permit introduction of the balloon, and the debulking procedure 
may release fragments of the lesion into the circulation. Such fragments can 

30 potentially result in morbidity or mortality, as they may travel either downstream, to 
cause an occlusion and tissue infarction, or upsteam (into the ascending aorta) to 
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produce an embolic stroke. Similar effects can result from soluble factors, which may 
promote thrombus formation, spasm, endothelial cell proliferation, or inflammation, 
released from nonnal or diseased tissues during a treatment procedure. The likelihood 
of such undesirable clinical sequelae may be lessened by the aggressive use of 
5 anticoagulants and/or vasodilators, which carry their own risks, including, but not 
limited to, hemorrhage and cerebral infarction. Further, in 30-50% of patients treated 
with PTCA, the subsequent healing process in the treated coronary artery is associated 
with sufficient recoil, scarring and/or proliferation of smooth muscle cells to cause re- 
occlusion of the artery (called "restenosis"). 
10 There is therefore a need for a method for avoiding the consequences 

of fragmentation of obstructive lesions which would nevertheless permit the 
aggressive treatment of such lesions so as to minimize the likelihood of disease 
recurrence. In particular, such a method would be useful for treating obstructed 
saphenous vein by-pass grafts. 

15 

3. SUMMARY OF THE INVENTION 
The present invention provides for a method and apparatus for treating 
a vessel occluded by an obstructive lesion which avoids the clinical consequences 
associated with lesion disruption by (i) creating a temporary obstruction distal to the 

20 treatment site, thereby protecting vessels and tissues which lie downstream (the 

"distal protection" step); and (ii) washing out debris and chemicals by (a) introducing 
a wash solution into the treatment site and then (b) removing the wash solution at a 
location proximal to the treatment site (the "wash-out" step), thereby protecting 
upstream vessels and tissues. The method of the invention may be used in conjunction 

25 with any technique which reduces the extent by which an obstructive lesion occludes 
a vessel, including, but not limited to, methods which dilate the vessel, debulk the 
lesion (mechanically, ultrasonically, enzymatically, etc.), and/or place a stent within 
the vessel. 

The method of the invention provides a number of advantages. It may 
30 be used in the treatment of vessels having occluded portions of a wide range of length 
and severity, regardless of the presence of thrombus or caliber and quantity of distal 
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branches of the target vessel. It may decrease the need for aggressive anticoagulation, 
use of platelet aggregation inhibitors, thrombolytic agents or vasodilators. Farther, in 
specific non-limiting embodiments, the method of the invention may be practiced 
using conventional equipment routinely used by interventional cardiologists. 
5 , The present invention also provides for a guiding catheter having an 

expandible portion at its distal end which prevents backflow of wash fluid during the 
wash-out step. 

f * The drawings, FIGURES 1-9, depict a non-limiting embodiment of the 

present invention, where the distal protection/wash-out method, using a guiding 
10 catheter having a distal expandible segment, is used in the dilatation treatment and 
scaffolding of a saphenous vein graft ("SVG"; 2) by-pass in a coronary artery (1) 
having an occlusion (3). The SVG (2) has an occlusive obstructive lesion (4), having 
friable portions (12). 

In FIGURE 1, a guiding catheter (5) having an expandible segment 
15 (1 3) in unexpanded configuration, and containing a first catheter (8) having a distal 
occluder balloon (9) over a first guide wire (1 1 ) and a second catheter (6) having a 
distal treatment balloon (7) over a second guide wire (10), is positioned in the SVG 
(2). Both guide wires (10 and 1 1) traverse the diseased portion (20) of the SVG 
(which, in this case, coincides with the treatment site). 
20 In FIGURE 2, the first catheter (8) is advanced over the guide wire 

(11) such that its uninflated occluder balloon (9) traverses the obstructive lesion (4), 
and lies in an undiseased portion (21) of the SVG (2). 

In FIGURE 3, the occluder balloon (9) is inflated, thereby creating a 
temporary obstruction to blood flow in the SVG (2; distal protection) and pressing 
25 the second guidewire (10) between the inflated occluder balloon (9) and the vessel 
wall. Also, the second catheter (6) is advanced over the guide wire (10) such that its 
uninflated treatment balloon (7) is placed within the obstructive lesion (4). 

FIGURE 4 depicts a first treatment step in which the treatment balloon 
(7) has been inflated, thereby compressing a proximal portion of the obstructive lesion 
30 (4), and detaching several friable fragments (12), which move toward the inflated 
occluder balloon (9) (soluble factors would also be released, but are not shown). 
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FIGURE 5 depicts a second treatment step in which the treatment balloon (7), 
after having been deflated, is repositioned and re-inflated in a jnore distal location so 
as to compress the obstructive lesion (4) in the remainder of the diseased segment 
(20) of the SVG (2), thereby liberating additional friable fragments (12), which have 
5 accumulated on the proximal side of the inflated occluder balloon (9). 

FIGURE 6 depicts a wash-out step, in which the treatment balloon (7) 
has been deflated and its guide wire (10) withdrawn from the patient, and the 
treatment balloon is positioned just proximal to the inflated occluder balloon (9). 
Wash fluid (15; represented by arrows) is being infused through wire port of the 
1 0 treatment balloon catheter (6), and is carrying the detached friable fragments (12) (and 
any soluble factors) proximally. The expandible portion (13) of the guiding catheter 
(5) is inflated and blocks the passage of these fragments and soluble factors into the 
proximal circulation (represented by curved arrows;22). The exhausted wash fluid 
containing the debris from the procedure, including the detached friable fragments 
15 (12) and soluble factors, is aspirated out of the treatment site through the distal tip of 1 
the guiding catheter (16). 

Subsequently to the step shown in FIGURE 6, the occluder balloon 
and the expandible portion of the guiding catheter are deflated, the treatment balloon 
and its catheter, and the occluder balloon and its catheter are withdrawn from the 
20 patient, leaving in place the guiding catheter and the first guide wire. 

FIGURE 7 shows a scaffolding step, where a catheter having a distal 
balloon (17) carrying an expandible stent (18) is passed over the first guide wire (11) 
into the treatment site (over what had been the obstructive lesion, 4). In FIGURE 8, 
the balloon is expanded, thereby deploying the stent (1 8). FIGURE 9 depicts the 
25 scaffolded treatment site (19). 
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4. BRIEF DESCRIPTION OF THE FIGURES 
FIGURE 1 depicts a guiding catheter containing a treatment balloon 
catheter and an occluder balloon catheter in an occluded saphenous vein graft (SVG). 
( FIGURE 2 depicts positioning of the occluder balloon at a location 

5 distal to the treatment site. 

FIGURE 3 depicts a distal protection step in which the occluder 
« > balloon is inflated, creating a temporary obstruction, and the treatment balloon is 
positioned within the obstructive lesion. 

FIGURE 4 depicts a treatment step in which thle treatment balloon is 
10 inflated to decrease the extent of occlusion, detaching friable fragments of the lesion 
which pass distally. 

FIGURE 5 depicts a second treatment step in which a more distal 
portion of the diseased segment is opened by inflation of the treatment balloon. 

FIGURE 6 depicts a wash-out step, in which wash fluid is perfused 
1 5 through the more distally located treatment balloon catheter (the balloon having been 
deflated), and passes retrogradely, where the debris-containing wash fluid is aspirated 
through the distal tip of the guiding catheter and out of the patient. The guiding 
catheter has an expanded distal portion which blocks the wash fluid and debris from 
entering the proximal circulation. 
20 FIGURE 7 shows a scaffolding step, where a balloon catheter carrying 

a stent is positioned within the treatment site. 

FIGURE 8 shows a second scaffolding step where the stent is 

deployed. 

FIGURE 9 shows the scaffolded SVG following treatment. 
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5. DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides for a method of treating a vessel 
occluded by an obstructive lesion at a treatment site comprising (i) creating a 
temporary obstruction distal to the treatment site; (ii) decreasing the extent that the 
5 obstructive lesion occludes the vessel; and (iii) washing out debris and soluble factors 
by (a) introducing a wash solution into the treatment site and then (b) removing the 
wash solution carrying debris and soluble factors at a location proximal to the 
treatment site. 

The terms "proximal" and "distal", as used herein, refer to a 
1 0 directionality established by the actual or intended introduction of the elements 

disclosed into a subject, wherein the direction moving away or further from the point 
of introduction in the subject is "distal" and the direction moving toward or nearer the 
point of introduction is "proximal". For example, where a catheter is inserted into the 
femoral artery of a subject via an access site in the groin, but one end of the catheter is 
1 5 held by an operator, and then the inserted tip of the catheter is passed through the 

femoral artery and into the aorta, the inserted tip is the distal tip of the catheter and the 
operator is holding the proximal end of the catheter, and the inserted tip is being 
moved distally. When the catheter is withdrawn from the patient, the distal tip is 
moved proximally. 

20 A vessel which may appropriately be treated (hereafter referred to as a 

"target vessel") desirably lacks major proximal side branches which would provide 
alternate routes for dispersal of fragments or flow of wash fluid. Thus, the method of 
the invention would operate at a site essentially having boundaries defined by the 
target vessel walls, the distally located temporary obstruction, and a more proximally 

25 located catheter through which exhausted wash fluid is withdrawn. Small branch 
vessels may arise from the target vessel provided that passage of lesion fragments or 
wash fluid into said vessel(s) would not be associated with a substantial likelihood of 
clinically adverse consequences. A preferred target vessel is a saphenous vein by-pass 
graft bridging an occluded portion of a coronary artery, although any vessel or conduit 

30 in the body may serve as a target vessel provided that it meets the abovementioned 
structural constraints. 
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Obstructive lesions according to the invention may be, for example but 
not by way of limitation, atherosclerotic, fibrotic, malignant or infectious in' 
character. The obstruction may lie within the target vessel and/or in or around the 
walls of the vessel. 

5 1 The treatment site is defined as that location in which a procedure 

which may liberate lesion fragments or soluble factors is performed. It typically, but 
not always, would comprise all or a portion of the obstructive lesion associated with 

vessel occlusion. 

A vessel is defined as being "occluded" herein if the lumen of the 

10 vessel is decreased, by an obstructive lesion, relative to its natural diameter absent the 
obstructive process. Thus, occlusion need not/and preferably, is not, complete, so as 
to permit passage of the temporary obstructive element to a location distal to the 
lesion. However, in less preferred embodiments of the invention and where clincally 
warranted, the temporary obstructive element may be placed within or even proximal 

1 5 to the lesion, provided that it lies distal to the treatment site. 

The temporary obstruction may be created by a temporary obstructive 
element (hereafter, the "occluder") which may exist in a passive or an activated 
configuration. In its passive configuration, the occluder may be introduced into the 
target vessel and into or past the occluded region of the vessel. When activated, 

20 however, the occluder expands to a diameter which substantially occludes the passage 
of fluid past it, but it must be able to be returned to a passive configuration so as to 
permit withdrawal from the patient. The occluder preferably is comprised at the distal 
end of a catheter. In preferred nonlmiting embodiments of the invention, the occluder 
is a balloon, but any reversible means of expansion may be used to achieve the 

25 activated configuration, including a nitinol wire, or mechanical means. The occluder 
may incorporate means for passive or active perfusion of the distal vessel, so as to 
avoid infarction, such as a conduit which would allow blood or other perfusate to pass 
from the area proximal to the expanded occluder to the area distal to it, such as small 
holes in the shaft of a catheter attached to the occluder proximal to and distal to the 

30 occluder element, which preferably are of a size or material which would prevent or 
inhibit passage of debris or soluble factors past the expanded occluder into the distal 
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vessel. 

In a specific nonlimiting embodiment of the invention, the occluder 
may be a compliant PICA balloon. Over-the-wire or monorail, but not perfusion, 
balloons may be used as occluders. The size of the occluder balloon is chosen so that 
5 complete occlusion may be effected distal to the treatment site at very low pressures, 
optimally less than two atmospheres, in order to minimize the risk of injury to the 
region of the vessel where temporary obstruction is effected. Preferably, the occluder 
is placed sufficiently distally to permit treatment of the entire length of the obstructive 
lesion, such that the occluder, when activated (i.e., expanded), lies within a relatively 
1 0 disease free segment of the target vessel distal to the obstructive lesion. Contrast agent 
may be injected into the target vessel in order to confirm that obstruction with the 
activated occluder is complete. A larger diameter occluder may be needed if the initial 
occluder (for example a balloon inflated to low pressure) does not prevent contrast 
agent from passing distal to the activated occluder. 
1 5 The extent that the obstructive lesion occludes the target vessel may be 

decreased by any means known in the art, including, but not limited to, dilatation 
using a balloon or equivalent instrument, placement of a stent, or debulking. 
Debulking may be performed mechanically, ultrasonically, chemically or 
enzymatically; suitable agents which may be used include but are not limited to 
20 heparin, hirudin, hirudin-felated peptides including Hirulog, anti-platelet agents 
including Reopro, and thrombolytics such as tissue plasminogen activator, 
streptokinase, urokinase, and thromboplastin. The step of decreasing the extent of 
occlusion is referred to herein as the treatment step (and was referred to in priority 
application no. 60/055,834 was the "pre-treatment step"). 
25 Preferably stent placement is performed after an obstructive lesion has 

been treated and after the wash-out procedure has been completed, as a separate 
"scaffolding step". Stents which may be used according to the invention include but 
are not limited to Palmaz-Schatz, Gianturco-Roubin, Cook, AVE, Strecker, Wiktor, 
Wallsten and Cordis stents. Stents which are expandible by ancillary means or self- 
30 expanding stents may be used. To reduce the risk of distal embolization during 

scaffolding, balloon-expandible stents may be delivered on deployment balloons of 
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the same diameter (when expanded) as, or smaller diameter than, the treatment 
balloon. Similarly, self-expanding stents desirably have a diameter, in their expanded 
configuration, which does not exceed that of the treatment balloon used to dilate the 
target vessel at the treatment site. When required, post-deployment expansion of 
5 1 stents may be performed with balloon(s) preferably of the same diameter as, or of 
smaller diameter than, the treatment balloon at a maximal pressure below that used 
during pre- treatment. In a specific non-limiting embodiment of the invention, the 
treatment balloon may be used as the deployment balloon for a biliary Palmz stent. 

The occluder and any elements used in the treatment step are brought 
1 0 into proximity to the lesion by a guiding catheter, which may be of a length which 
reaches and may optionally enter the ostium of the target vessel, of an inner diameter 
which may accomodate simultaneously or sequentially the occluder and treatment 
elements, and of an outer diameter to permit safe passage to the desired location. For 
example, and not by way of limitation, 9F and 10F guiding catheters may be used. 
15 Side holes in the guiding catheter are desirably avoided to facilitate effective removal 
of exhausted wash fluid. In nonlimiting embodiments, where the guiding catheter is to 
be used in procedures involving the coronary arteries or saphenous vein grafts, the 
inner diameter may be in the range of from 0.8 to 1 .6 millimeters, and preferably from 
0.9 to 1 .3 millimeters. A guiding catheter having a modified distal end which may 
20 adopt an activated expanded configuration which prevents the proximal passage of 
exhausted wash fluid (backflow), as illustrated hrFlGURE 6, may desirably be used. 
For example, such an expanded configuration may be achieved by a balloon or other 
mechanical element. In nonlimiting examples of the invention, the expandible element 
may be comprised in the distal 50 millimeters of the guiding catheter, and may itself 
25 have a length of, preferably, 5 to 35 millimeters, and more preferably from 9 to 30 
millimeters, and the diameter of the expandible element, in expanded configuration, 
for coronary artery and saphenous vein graft applications, may range from 2.0 to 6.0 
millimeters and preferably from 3.0 to 5.0 millimeters, inclusive. 

The occluder and the treatment elements are preferably, but not 
30 necessarily, introduced into the target vessels and through the guiding catheter over 
separate guide wires. In two guide wire embodiments of the invention, one guide 
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wire, used to position treatment elements, remains trapped between the vessel wall 
and the activated occluder (for example, during treatment), and is then withdrawn to a * 
location proximal to the activated occluder prior to the wash-out step. In a preferred 
specific non-limiting embodiment of the invention, two Choice PT™ wires are used to 

5 facilitate retraction of the wire trapped by the occluder. However, if the means of 

i 

treatment could use the shaft of a catheter attached to the occluder as a guide, (e.g. if 
the occluder is attached to a hollow wire, a "balloon on jhe wire"), only a single guide 
wire would be necessary. 

' The wash solution may be any physiologically compatible fluid, 
1 0 including but not limited to normal saline,, Ringer's solution, etc., and may comprise 
one or more other compounds, including, but not limited to, contrast agent(s), 
anticoagulant agent(s) and/or enzyme(s), antibiotic(s), vasoactive substance(s), and so 
forth. Once it has been used to wash the treatment site, it is referred to as "exhausted 
wash fluid". 

1 5 In preferred embodiments of the invention, the object of the treatment, 

step is not only to decrease the extent of vessel occlusion, but also to dislodge, 
express, and liberate from the vessel walls any friable and/or non-solid material which 
may cause distal embolization or no reflow. Accordingly, treatment is preferably 
vigorous and uses aggressive measures. As a nonlimiting example, where treatment is 

20 dilatation by expansion of a balloon, a balloon at the treatment site may be inflated up 
and down the treatment siteio relatively high pressure, for example, 12-16 
atmospheres; where a subsequent scaffolding step is planned, these treatment step 
inflation pressures are desirably equal to the pressure the operator intends to use for 
high-pressure post-deployment stent dilatation. Multiple overlapping inflations may 

25 be necessary. The duration of each inflation is desirably limited to the time required to 
achieve full balloon expansion in order to minimize overall ischemic time. 

Further, treatment should involve not only the most severely occluded 
portion of the target vessel, but any contiguous or non-contiguous less severely 
affected portion as well. Treatments, including distal protection and wash-out steps, 
30 may be performed sequentially in the same target vessel. 

It should be noted that although the instant invention may decrease the 
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risk of adverse clinical events, morbidity or mortality could nonetheless potentially 
result from the obligatory ischemic time during treatment and wash-out steps, from 
coronary or non-coronary embolization, or from endothelial trauma incurred during 
the procedure. 

5 ! A non-limiting specific example of the practice of the instant invention 

is set forth below. 

6. EXAMPLE 

The method of the invention may be used in the treatment of a subject 

i 

10 having a saphenous vein graft (SVG), which had been placed in a by-pass procedure 
to treat an occluded coronary artery, but which is now itself partially occluded. The 
following procedure may be used to dilate the occluded portion of the SFG (the target 
vessel), using the distal protection/wash-out method of the invention, and then to 
place a stent in the SVG to maintain its patency. 

1 5 Equipment used in the procedure may include (i) a 9F guiding catheter; 

(ii) a first guide wire, over which may be passed (iii) a first balloon catheter, wherein 
the balloon will serve as the occluder (and is hereafter referred to as the "occluder 
balloon" or "occluder"), attached to a means of inflating the occluder balloon;, (iv) a 
second guide wire, over which may be passed and (v) a second balloon catheter, 

20 wherein the balloon will be used in a treatment step (and is referred to hereafter as the 
"treatment balloon") to dilate the occluded portion of the SVG, attached to a means of 
inflating the treatment balloon. The proximal end of the second balloon catheter may 
be attached to a Y-adapter, one arm of which may be attached to a three-way stopcock 
which may be connected to (i) a small (e.g., 3-5cc) saline- filled syringe and (ii) a 

25 larger (1 0-20 cc) syringe containing wash fluid. Further, the guiding catheter may 
comprise, at its proximal end, an attachment site for a means for removing exhausted 
wash fluid, such as an empty 20-30 cc syringe (henceforth, the "aspiration syringe"). 
Another separate piece of equipment may be a stent mounted on the balloon 
(henceforth, the "deployment balloon") of a third balloon catheter, and a third guide 

30 wire which may be used for introduction of the guiding catheter. 

Using conventional techniques as are used in a PTCA or stent 
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placement procedure, the guiding catheter may be passed, over the third guide wire, 
into the femoral artery of the subject and passed through the aorta and into the SVG, 
to a position proximal. to the occluded segment, and the third guide wire may then be 
withdrawn once the guiding catheter is in position. Then, the first and second guide 
5 wires may be passed through the guiding catheter to traverse the occluded SVG 
segment. 

In subsequent steps, the first and second galloon catheters may be ■ 
passed into and through the guiding catheter either simultaneously, as is shown in 
FIGURE 1 , of sequentially (eg., first the first balloon catheter comprising the 
1 0 occluder, and then the second balloon catheter comprising the treatment balloon). 

In the distal protection step, the catheter bearing the occluder balloon is 
advanced over the first guide wire so that the occluder balloon is in a position which 
is distal to the intended treatment site, which preferably constitutes all or most of the 
diseased segment of the SVG. The occluder balloon is then inflated at a pressure high 
1 5 enough to effect complete occlusion, but low enough to minimize or avoid injury to i 
local vessel walls (which may be part of the SVG or the coronary artery to which the 
graft was anastomosed); this pressure is preferably less than 2 atmospheres. By 
inflating (activating) the occluder, the second guide wire becomes trapped between 
the expanded occluder and the vessel wall. Contrast injection into the SVG may be 
20 used to confirm that the vessel is completely occluded. 

In the treatment step, the treatment balloon may be advanced over tHe^ 
second guide wire, and inflated and deflated so as to dilate the segment of the SVG 
occluded by disease. The inflations and deflations may be performed multiple times 
and at different positions along the diseased SVG (the entire area constituting the 
25 treatment site). Preferably, the inflations are at relatively high pressures, such as 12-16 
atmospheres. During this step, friable fragments of the SVG wall and lesions 
associated with it may be broken free and pass distally, until they are stopped from 
progressing further by the activated occluder balloon. 

After the treatment step is completed, the treatment balloon may be 
30 advanced distally over the second guide wire until it reaches the activated occluder. 
Then, the second guide wire may be pulled out of the treatment balloon (past the 
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activated occluder balloon) and its attached catheter. To avoid entraining air during 
the wire pull out, saline from the small syringe connected to the stopcock attafched to 
the Y adapter may be flushed through the Y-adapter, which comprises an O-ring 
which is partially open. Once the second guide wire is completely out of the treatment 

5 1 balloon, the O-ring of the Y adapter may be tightened, and the stopcock may be 
turned off to the treatment balloon. 

In the wash-out step, the treatment site is perfused as the operator 
flushes the wash fluid (via the 1 0-20 cc syringe attached to the stocpcock attached to 
the Y adapter) through the wire port of the treatment balloon catheter and, 

10 simultaneously, the operator or an assistant aspirates exhausted wash fluid via the 
guiding catheter tip and into an aspiration syringe. 

After the wash-out step is completed, the treatment balloon catheter is 
withdrawn first, followed by deflation and removal of the occluder balloon catheter, 
with the first guide wire remaining in place across the treatment site of the SVG. 

15 In the scaffolding step, the catheter bearing, at its distal end, the 

deployment balloon may then be passed over the first guide wire, and the stent 
positioned and deployed into the treatment site. Preferably, the entire treatment site is 
scaffolded by the placement of one or more stent. 



20 
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I CLAIM: 

1 . A method of treating a vessel occluded by an obstructive lesion at a * 
treatment site comprising (i) creating a temporary obstruction distal to the treatment 
site; (ii) decreasing the extent that the obstructive lesion occludes the vessel; and (iii) 

5 washing out debris and soluble factors by (a) introducing a wash solution into the 
treatment site and then (b) removing the wash solution at a location proximal to the 
treatment site. , " i 

2. The method of claim 1 in which the wash solution is introduced 
such that it flows through the vessel in a proximal direction. 

10 3. The method of claim 1 in which the extent that the obstructive lesion 

occludes the vessel is decreased by dilating the vessel at the treatment site. 

4. The method of claim 1 in which the extent that the obstructive lesion 
occludes the vessel is decreased by debulking the lesion. 

5. The method of claim 1 in which the extent that the obstructive lesion 
1 5 occludes the vessel is decreased by placing a stent at the treatment site. 

6. The method of any of claims 1 -5 where the vessel is a bypass graft. 

7. The method of any of claims 1 -5 where the vessel is a coronary 

artery. 

8. The method of any of claims 1-5 where the wash fluid is removed 
20 via the tip of a guiding catheter having, at its distal end, an expandible element which 

prevents backflow of wash fluid into the proximal circulation. 

9. A guiding catheter having, at its distal end, an expandible element. 
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